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(57) A closed loop transmitting antenna diversity 
method, when a plurality of antennas are used in a 
mobile telecommunications system, includes the steps 
of (a) measuring the changed amount per unit time of 
the phase difference between antennas for each of the 
plurality of antennas which are used in a base station; 

(b) transmitting the result of measuring as feedback 
information for adjusting transmitting antenna diversity; 

(c) receiving and interpreting feedback information in 
the base station; (d) calculating the weighted value of 
array antennas for each antenna, using the interpreted 
feedback information; and (e) multiplying data which is 
to be transmitted from the base station to a mobile sta- 
tion by the array antenna weighted value, and outputtmg 
the result through a corresponding antenna. Here, the 
changed amount per unit time of the phase difference 
between antennas is obtained by subtracting the previ- 
ous phase difference between antennas which the base 
station knows from the phase difference between anten- 
nas which is calculated by a current mobile station. 
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terns (PCS). As a wireless connection specification the W CDuTZTrT^ * cor ™ication sys- 

standardized in Europe and Japan, while the IS-2TO0 CDMA mrth T l ^ ' 8 as ^ chro n°^ method, is being 
ardized in North America. A mobile telecornmuLatinn^^t ' Wh ' Ch ' S 3 s ^ chron °^ method, is being stand 

tions communicate with each otJ^ZTtTe s^T " 8UCh ™* ^ 8 ^ ° f ™ biIe «- 

diversity technologies are used. The CDMA me hod adopts a ra^e which r t0 ° VerC ° me fadin9 ' a varie * ° f 

* more .Men™* When a signal rac„i».d In on. .„,. „„ lT^TT" ' " S Sp » ce """"■Hy "IMhoa uses two or 
the signal. Space-method antenna diversity s Mn o receivS anl "2 ^ ant6nna " US6d f ° r reCeivin 9 
and transmitting antenna diversity, which uses traTsmittinHn .7 I ^ WhiCh US6S receivin 9 

^^^^^f^^^^ 1 ^^^^^ * * d " * install receiving antenna 
ommended. H P 6 an ° COSt ' use of transmitting antenna diversity in a base station is rec- 

' Snl, ^o^^ ^ tM '^ ^ which u P ,in k 

The c,osed-,oo P transmission ^^^^^'^^T" ^ h " n ° feedbaCk 

noise and interference ratio (SNIR) However he closedln P transmisslon *™rs\ty in the aspect of signal-to- 

information back, has a shortcoming Sr g iXSSZr; 0n r B L 8,,K ° PerateS by ^ Channel 

performance is lowered because a channel changes Lfo e feed ^17^ ^ * <* ^ 

information per unit time is fed back in order to trace a ran Zl c^nZ h ? Bt 3 t6rminaL Wnen a lot <* 

Therefore, when a channel changes rapidly du to a h q£ d^lr f 9 ' ^ "P 30 ^ f ° r UpMnkin 9 is low °«*- 

information is more helpful to pelrnrnLlnp^e^^ frequency, t0 qUiCk ' y transmit minimum necessary 
[0006] m addition, transmiffing antenna tfZ^TfeSSrt t ^ information °" " channel. * 

gain combination (EGC) mode, and a s let v c mbintio %S m'ST ^ "J C ° mbinati ° n (MRC > ™ 
The EGC mode is a little lower in performance c^"^ tS MRC^TS?^ COmbinati - mode. 

information "^£2 ^ bj ri^nT b *""» — * 

feeds the phase difference back to the base sTaTon ^^^5""" 1 00 and 110 of a base station, and 
information, through a feedback information decoder 120 and oS- , ? merence ' whic " * feedback 

adjuster 130. A data signal, which is generated in a ^^^T""^ ^ deC ° ded reSU,t thr ° U9h a P hase 
first pilot signal through the first antenna too an tie sZ d a a > Z m ^Tf 14 °' iS transmitted together wrth a 

Beamlming SnT^^C^ ? X? ™ ^ 5 ' 63 ^ " M **°« °< Subspace 

Paulraj, Stanford; Gregory G. Raleigh, B^ZZl ™! ^^^^S^ ^ 
for Minimizing Cross-talk in Adaptive Transmission Antenna* WD r ? P 3 US PAT Na 5 - 471 -647, "Method 
standford), which were filed by Stanford UnhZiJS So ufl P°' UmbUS ' ° hi ° ; Aro 9^wami Paulraj, 
feedback mode. university, Stanford, California, U.S. Both patents use transmit-diversity in a 
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[0010] These patents propose channel measuring and feedback methods using a perturbation algorithm and a gain 
matrix, which is not an optimal method in efficiently processing channel information. 

[0011] In the meantime, Motorola Co. has proposed a method in which channel information is efficiently quantized 
and fed back in FIG. 1 . That is, when transmission diversity, which operates in an equal gain mode, is used, the phase 
difference with a base antenna is quantized by two-bit information {0, %I2, n, -n/2] or one-bit information {0, n). 
[0012] The equal gain mode is a diversity combination method in which when destructive interference occurs due 
to the phase difference of two transmitting antenna channels, phases of diversity antennas are compensated in 
advance with the phase of a base antenna so that a signal received through each antenna channel has the co-phase. 
The phase difference with a base antenna is obtained by subtracting the phase of a first antenna channel, that is, a base 
antenna channel, from the phase of a k-th antenna channel. 

[0013] The two-bit information equal gain mode optimally quantized channels, but still more reduction in bits is 
needed in order to satisfy rapidly changing channels. 

[0014] Quantizing in one-bit causes the loss of a lot of information, and therefore, is inferior to the two-bit mode, 
except for high-speed transmission. A method for feeding back two-bit information with a faster cycle has been pro- 
posed, but this method has a shortcoming of greatly reduced uplink capacity. 

Summary of the Invention 

[0015] According to a first aspect of the present invention, there is provided a closed loop transmitting antenna 
20 diversity method when a plurality of antennas are used in a mobile telecommunications system, the closed loop trans- 
mitting antenna diversity method including the steps of: (a) measuring in a mobile station the changed amount per unit 
time of the phase difference between antennas for each of the plurality of antennas which are used in a base station; 
(b) transmitting the results of measuring in step (a) as feedback information for adjusting transmitting antenna diversity 
to the base station; (c) receiving and interpreting feedback information in the base station; (d) calculating the weighted 
25 value ol array antennas for each antenna, using the interpreted feedback information; and (e) multiplying data, which is 
to be transmitted from the base station to a mobile station, by the array antenna weighted value, and outputting the 
result through a corresponding antenna, wherein the changed amount per unit time of the phase difference between 
antennas is obtained by subtracting the previous phase difference between antenna, which the base station knows from 
the phase difference between antennas which is calculated by a current mobile station. 
30 [001 6] According to a second aspect of the present invention, there is provided a closed loop transmitting antenna 
diversity method when a plurality of antennas are used in a wireless telecommunications system, the closed loop trans- 
mitting antenna diversity method including the steps of: (a) measuring, in a receiving station, the changed amount per 
unit time of the phase difference between antennas for a plurality of antennas used in a transmitting station; (b) trans- 
mitting to the transmitting station the results of measuring in step (a) as feedback information for adjusting transmitting 
35 antenna diversity; (c) receiving and interpreting in the transmitting station feedback information; (d) calculating the 
weighted value of array antennas for each antenna, using the interpreted feedback information; and (e) multiplying data, 
which is to be transmitted from the transmitting station to the receiving station, by the array antenna weighted value, 
and outputting the result through a corresponding antenna, wherein the changed amount per unit time of the phase dif- 
ference between antennas is obtained by subtracting the previous phase difference between antennas which the trans- 
40 mitting station knows from the phase difference between antennas which is calculated by a current receiving station. 
[0017] According to a third aspect of the present invention, there is provided a closed loop transmitting antenna 
diversity method when two antennas are used in a mobile telecommunications system, the closed loop transmitting 
antenna diversity method including the steps of: (a) obtaining in a mobile station the sign of the changed amount per 
unit time of the phase difference between antennas for the two antennas used in a base station; (b) transmitting the sign 
45 obtained in step (a) as feedback information for adjusting transmitting antenna diversity; (c) receiving and interpreting 
feedback information in the base station; (d) calculating the weighted value of array antennas for each antenna, using 
the interpreted feedback information; and (e) multiplying data, which is to be transmitted from the base station to a 
mobile station, by the array antenna weighted value, and outputting the result through a corresponding antenna, 
wherein the changed amount per unit time of the phase difference between antennas is obtained by subtracting the pre- 
50 vious phase difference between antennas, which the base station knows, from the phase difference between antennas, 
which is calculated by a current mobile station. 

[0018] According to a fourth aspect of the present invention, there is provided a base station apparatus for imple- 
menting closed loop transmitting antenna diversity, when two antennas are used in a mobile telecommunications sys- 
tem, the base station including: first and second antennas one or both of which receives feedback information 
55 generated from any i-th mobile station; a feedback information decoder for interpreting the received feedback informa- 
tion and detecting the changed amount per unit time of the phase difference between antennas; a weighted value cal- 
culating unit for calculating the weighted value of the second antenna, using the changed amount per unit time; and a 
transmitting unit for transmitting a data signal and a pilot signal to the mobile station through the first antenna, andtrans- 
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22 J mu t,pl^at,on through the second antenna, after multiplying the data signa, by the array antenna 
weighted value where.n the changed amount per unit time of the phase difference between antennas is a value 

flT k t 9 Ch h an96d am ° Um Unjt time ° f the Ph3se differenCS between antennas, which is meas red a 

feedback information in the mobile station, to a feedback error due to uplink channel noise 

me 0 nt!L r<nZT"V° & " ^ Pr6Sent ,nVent, ° n ' th6re * Pr ° Vided 3 mobile station a PP aratus *>' imple- 

menting closed loop transmitting antenna diversity when two antennas are used in a base station the mobile station 

apparatus including: fingers 1 through L for conjugating each of L multipath channels, from a firs multTpaS char e 

om a fiit ™ M ^ ,P D ?t Ch T e , 1 ; ° f 3 Tl & ant6nna am ° n9 tW ° an,6nnaS ' and r6Ceivin 9 each -ultipatnXt mbo 
» or mul Si™ T P 7T r L " th mUltiP3th P '" 0t Symb0 '' fr ° m the baSe antenna " multiplier from 1 through L 
for mult.ply.ng the conjugated value by each corresponding pilot symbol; an adder for adding the outputs of multipLs 

S t fr^r'T^ S6leCtin9 Unit f ° r Se ' eC,in9 the ima9inary part 0f a comple * "umlir signaTw i I 

he output f om the adder; and a determ.nating unit for determining the sign of the selected imaginary part and output- 
t.ng a signal indicating a positive value or a negative value as the feedback information. . ana output 

Brief Description of the Drawings 

fng°s 2 °n which^' 65 °' ^ ^ ^ With referenCe t0 the accompanying draw- 

FIG 1 is a block diagram showing the organization of a base station using a general transmission antenna diversity 
method operating in an equal gain mode for coherent combination- 

Sfe'ntioV f ' 0WChart eXP ' aining 3 C '° Sed l0 ° P transmi «ng antenna diversity method according to the present 

FIG. 3 illustrates the geometrical relationship among channels of each antenna, values to be compensated and 
information to be fed back, when two antennas are used- compensated, ana 

for G ,r a 4 n, S mi^' 0Ck °i ^ 6mb ° diment 0f a base station a PP^«tus according to the present invention 

for transmission antenna diversity; and, 

t^n'f. 1 3 b '° Ck dia9ram ° f 3 Preferab,e embodiment of a mobile station apparatus according to the present inven- 
tion for transmission antenna diversity. ^ 

Detailed Description 

St inve^on 2 * * ^ e * P,am]n9 * C '° Sed loop transmitting-antenna diversity method according to the 

S ™ b !i Stati ° t n meaSUr6S Chan9ed am ° Unt Per Unit time of the P hase differenc e between anten- 

resu ts to the b aS e P r t ^ TTVT 3 ^ ^ SteP ^ 71,8 ^ ^ tranSmitS the measu ™9 
results to the base stat.cn as feedback information for adjusting transmitting antenna diversity in step 21 0 

[0023] Transmission of the results of measuring the changed amount per unit time of the phase difference between 

^nTebr Ck t inf0rmati0 ^ S PeCU " ar t0 Pr6Sent inV6nti0n - The Chan 9 ed am ° unt «"« time oHh^pTa e 
kinTnn th TIT* " * °< information whi <* Properly expresses the state of a channel while 

(? ' , kTPfi ° ? baCk h in 3 Sma " er V °' Ume - Here ' the Phase difference batwe - antennas 

it t MS h' J = fi / } " ( ' 5 } ' S he PhaSe difference between two antennas which are spatially located clos- 
est to each other, tf (t, k) ,s the phase of a k-th antenna channel of an i-th mobile station at time t. Here k is 2 K (k 
-2 K), and K is the number of antennas used in transmission. Among a k-th antenna, a (k+1 )-th antenna ' a K-th 
antnnak i^th ' trary ^.^ antenna is located c '°-st to the k-th antenna. The close/the distance between lo 
antennas s, the more s.milar ,s the channel environment the two antennas are exposed to. The phase difference 
between signal transmitted by these two neighboring antennas is a smaller amount of information than "(t k) J (t 
1), which corresponds to the phase difference between a k-th antenna and a base antenna, used in the previous meth' 

.I he Changed amount P er unit time of th * phase difference between antennas A^ MS (t) measured in step 200 

£ phTe diffe^? df, r? nCe b6tWeen antennaS (t " TT — v). which a base stoZnZTs'Z 

the phase difference between antennas (♦ , MS <t)). which is currently measured by a mobile station. Since the chanaed 

mZ n L P :i T tlme MS(t) ! 1 h ° WS ° nly thS Chan96d am ° Unt ' il h3S a ^"-amount of informatfo than the 

d fference between antennas fl«M> has. Here, i (!=1 , 2 I) is a number for distinguishing mobile station terminate 

h^l Jt^' ay / ePreSe ?u S tlme WhlCh iS required forfeedin 9 back information. Here, the phase difference which a 
base station knows ,s the value that the base station obtained when the phase difference between antennas measured 
by a mobile station previously is transmitted to the base station through uplink. When a feedback erTocTu's the 
phase difference between antennas which a base station knows does not match the phase difference bleen lntln 
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nas which was measured at a previous time by a mobile station and fed back. At this time, ,'bs (t) Is represented by 
4 a , (t)= <k 1 „„ W + n 1 (t) , where n' (t) is a feedback error due to uplink channel noise. 

[0025 In particular, when a base station uses a couple of antennas, the phase difference between antennas (* MS 
£ 2 t ) , hereinafter referred to as « i MS (t)=9 1 (t, 2) - 6 ' (t, 1 )) is obtained by the following equation 1 . 

5 ^ MS (t) = angled (t, 2) ■ conjth'tt, 1))} (1) 

ro0261 Here h'ft DandhVt 2) represent the first antenna channel information and the second channel information^ 

?omT Telnet amount per unit time of the phase difference between antennas A^ s (t) is represented by the 
following equation 2. 

, 5 A* ' MS W = <f ' MS W - * ' BS (t-T-ro-detay) 

[0 028] Here, assuming that the value obtained by weighting the second antenna channel information by the phase 
difference which the base station knows is 

20 h\t,2) =h i (t,2)exp{j$ , BS(t-T XD ^ lelay )} , 

the changed amount per unit time of the phase difference between antennas is expressed as the following equation 3. 



25 



A(t>'MS(t) = anglefh' (t, 2) conj (h l (t, 1))} (3) 
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[0029] FIG 3 illustrates the phase relationship among channels of each antenna, values to be compensated, and 

Zw° n ^lt '^;.^n*"^n first antenna channe, information of the i-th mobile station 
andThe Be ^3^nnB channel information of the i-th mobile station (h> (t, 2)), which have a P"^™"* 
(h (t, 1)) and tne secona d. antenna channel information, which is adjusted to the i-th 

"ssr^^^^^ss^- «— •* p °" er con,ro1 and °° ter t rr=s 

about 10% of the channel capacity. The sign of the changed amount per unit time of the phase difference between 
antennas (sgn^MsW) " ls expressed as the following equation 4. 

sgrW MS (t)) = sgnfanglefd^conKh'tt, 1)))} W 

rnniAi Rut in v-anale(x) the phase of x is adjusted by a value which satisfies -it < y < % . 

[0035] Referring to FIG 2' again, afterthe *Bp210. the base station receives and interprets the feedback mforma- 
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ference between antennas, which is inter^ i '£ ^ sta on is Tl7 ° f ^ Ph f 56 

feedback error by uplink channel noise. 0 Bs( ' ~ * MS (t) + n (t) ■ where n W is a 

* ' BS W = * ' BS (t^TD-delay) + H ' Bs (t) (5) 

[0037] After storing the phase difference between antenna* a' n t ^ u- u 

accumulator is required for adding the chana^d ^nn?tnth» , t^ 7 ™"^ whlch the base Nation knows, an 
mulator. In order to obtain an optimal stec s^Zt l r ^ * the Ete ? Size ° f an accu " 

■ from respective BmnnasX^^^^ST T™"" * 8 **& r ««V™» * the signals received 
the changed amount per unit time of th^hase Xenc Z^ en ZTnT T* ^ °^ *" ^ ° f 

base station, it is needed to obtain an opm!ute P ^ e " transm.tted from a mobile station to the 

!S exi^lTd^Z: ^rt; f XSc h e e ^ df " f * ^ * ^ ^ ValUe WaS ^ d 

forms an army. «™pensat.ng the phases of antennas aga.nst a base antenna when a plurality of antennas 

weired ^ Z^yl^ T ?" ^ * 3 ™ bile ^ * ^ the 

antenna in s>ep 240 " ' " " ° bta ' ned the StSp 23 °' and then ° ut P ut trough the corresponding 

so ELun.caL^ a ^ « antennas «s used in a mobile 

a mobile station in a CDMA system a rtunZ < , ™ ^ Chann6 ' iS established between a base station and 

value. Here. H satisfies H=[h , h , ...„ „1 and h, satSJ t - Z h ? ' , * ' L° ,he °P llmum *™>) weighted 
L is the humbe, of meltip.th Jew. can be oM.lnld Z ~ i 1 2'" K. il ■ K ^ the number M antennas, and 
path E„„„o„ m e„ K - ( GlebaCo^ ! ^^"^.^"S'^' 1 *' T ~ nSmBi ^ *>' «» 

™Me a n W W(.,)ca„heeaaiv;b,:„?;,^ f :r„re7aS 
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tTnlds ^^^^o^±^ L Trr^ ™*'"™«P*h- When a mobilesta- 
sign of the optimal changed amount oer Z timJ Wh 1 P 6igen m6th ° d Can be used f ° r ob,ainin 3 the 

tTand m^^oM^ST!^^ Present invention is explained to be used between a base sta- 

[0046] FIG. 4 is a block diagram of a base station apparatus according to the present invention for transmuting 
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antenna diversity, and an example of an apparatus having two antennas. 

r0047] The base station apparatus in FIG. 4 has a first antenna 400 and a second antenna 41 0, a feedback infor- 
mation decoder 420, a doppler estimator 430, a first multiplier 440, an adder 450, a delay unit 460, a phase adjuster 
470 a transmitting signal generator 480, and a second multiplier 490. 

5 m0481 Feedback information, which is generated from any i-th mobile station, is received through a f,rst antenna 
400 and/or a second antenna 41 0. A feedback information decoder 420 interprets received feedback information , and 
detects the changed amount per unit time of the phase difference between antennas (^ bsW>- Here, the changed 
amount per unit time of the phase difference between antennas (A^bsW). which .s detected ,n the base station, s 
expressed as A*' BS (t)=A^ MS (X) + n' (t) . A doppler estimator 430 calculates the optimum step s,ze using signals 

w received from the first antenna 400 and the second antenna 410. 

r0049] When it is difficult or impossible to measure the step size, jt/4 is output in general. When the step size is se 
to Tt/4 the result is mostly superior to that of previous methods. However, for a very high speed mob. e station (about 
40km/h or higher, though it is relative), setting to n/2 shows more superior performance. To utilize this, the doppler esti- 
mator 430 includes a switch (not shown in the drawing), which can switch from n/A to n/2, or nJ2 to n/4 ,n accordance 

ro050r ed The n fSt S multi P lier 440 outputs u, ■ A^'bsM ^ multiplying the changed amount per unit time of the phase 
difference between antennas (A^U) by the optimum step size (*). The adder 450 outputs the phase ^nceper 
unit time between antennas w'bsW). by adding U; • A^ BS (t) to the output of the delay unit 460, whic , is f ss^ 
. . H he phase difference between antennas after delaying a predetermined time (T TD -deiay)- The phase adjuster *ru 

20 outputs the weighted value of antennas (exp(j ^bs W)) for compensating the phase of the second antenna based on 
the phase difference between antennas (<t»' BS (t)). ..... firct 

[0051] The transmitting signal generator 480 generates and outputs a data s,gnal to be transmitted to the first 
antenna 400 and the second multiplier 490. In addition, a generated pilot signal is output to the first antenna 400. The 
data signal and pilot signal transmitted to the first antenna 400 are modulated orthogonally with time, requency or 

25 code The second multiplier 490 outputs the result of multiplication to the second antenna 410, after multiplying the data 
signal to be transmitted by the weighted value of antennas (expQ <|)' B s (t))). The first antenna 400 transmits the data Sig- 
nal and the pilot signal and the second antenna 410 transmits the output signal of the second multiplier 490. 
r00521 FIG 5 is a block diagram of a mobile station apparatus for generating feedback information in order to adjust 
transmitting antenna diversity according to the present invention, and the example is a case where a plurality of fingers 

so are used because delay spread due to multipath in a CDMA system is great. C1 , . hmll „ h «=n 

[0053] The CDMA mobile station apparatus of FIG. 5 includes fingers 501 through SOL, multipliers 51 1 through 51 L, 
an adder 520, an imaginary number selector 530 and a determiner 540. 

r0054] Any i-th mobile station according to the present invention transmits the changed amount per unit time of the 
phase difference between antennas when a plurality of transmitting antennas are used in a base station. However 
35 when two transmitting antennas are used, only the sign of the changed amount, instead of the changed amount per unit 
time of the phase difference between antennas, is transmitted, which can well trace a changing channel when the chan- 
nel changes rapidly. With transmitting only the sign, the changed amount can be estimated in a base station, by using 

mS' erf Any Immobile station according to the present invention uses a channel and pilot symbol for the first 
40 antenna 400, which is a base antenna, in order to output the sign of the changed amount per unit time of the phase 

difference between antennas. . 
r0056] To put it more concretely, a first finger 501 measures the first multipath channel of the first antenna 400 and 
then performs conjugation, and receives a first multipath pilot symbol (rf • 1 (t)) from the first antenna 400. A first mump her 
511 connected to the first finger 501 receives and multiplies the conjugated first multipath channel (conj(h • (t, 1)) of the 

45 first antenna 400 by the first multipath pilot symbol (d'' 1 (t)). 

r00571 A second finger 502 measures the second multipath channel of the first antenna 400 and then performs con- 
jugation, and receives a second multipath pilot symbol (d 1 - 2 (t)) from the first antenna 400. A second multiplier 5 il2 1 con- 
nected to the second finger 502 inputs and multiplies the conjugated second multipath channel (conj(h ■ (t, 1)) of the 
first antenna 400 by the second multiple route pilot symbol (d'' (t)). 

50 [0058] Likewise, a L-th finger 50L measures the L-th multipath channel of the first antenna 400 and then performs 
conjugation, and receives an L-th multipath pilot symbol (a* L (t)) from the first antenna 400. An L-th mult, p ,er 5 1 L cor , 
nected to the L-th finger SOL inputs and multiplies the conjugated L-th multipath channel (conj(h ■ (t, 1)) of the first 
antenna 400 by the L-th multipath pilot symbol (d'' L (t)). 

[00591 The adder 520, which is commonly connected to each of multipliers 51 1 through 51L, adds the output sig- 
55 nals of the multipliers. An imaginary number selector 530 selects the imaginary part of the conjugate signal which is 
the result of the addition in the adder 520, and outputs it. The determiner 540 determines the sign of the s gnal wh ch 
is output from the imaginary number selector 532, and outputs "0" when the sign is positive, and outputs 1 when he 
sign is negative »0» or "1". which is output from the determiner 540, is transmitted through a feedback channel to the 
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base station as a feedback signal for adjusting transmitting antenna diversity. 

Ire important in^mSlt inV6nti0n impr ° V6S the ™^ for and downlinking, which 

fnwT telecommunications system, more than previous methods. Particularly the effect of nose and 
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^tinfc '°° P , ^T* 9 ant6nna diV6rsity method when a P |uralit y °* antennas are used in a mobile telecommu 
mcations system, the closed loop transmitting antenna diversity method comprising the steps ot te ' eC ° mmU " 

tor ZTTh '7 T. b "! Stati ° n ChaP9ed am ° Unt Per Unit time ° f the difference between antennas 

for each of the plurality of antennas which are used in a base station- antennas 

d^rsT^basTitnT meaSUrin9 ^ W " ^ ^ ^ «»™**» -tenna 

(c) receiving and interpreting feedback information in the base station- 

(^calculating the weighted value of array antennas for each antenna/using the interpreted feedback informa- 

winS ' yi ? 9 Whbh iS t0 66 transmitted fr °™ the base station to a mobile station by the array antenna 

li t^e oT "he oh ° H P r n9 the , r6SUlt thr ° U9h 3 COrres P° nd -9 ""tenna, wherein the changed lou per 
unrt time of the phase difference between antennas is obtained by subtracting the previous phase difference 

>:~:zr^ sr- station knows from the phase ^—^^ 

^ - ^ — - - - of 

4 = n = 

5 «;=^ 

(^transmitting the sign obtained in step (a) as feedback information for adjusting transmitting antenna diver- 
(c) receiving and interpreting feedback information in the base station- 

tion; and! 3 "" 9 ^ " ^ ant6nnaS f ° r eaCh antenna . -"3 the interpreted feedback informa- 

(e) multiplying data, which is to be transmitted from the base station to a mobile station, by the array antenna 
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weighted value, and outputting the result through a corresponding antenna, wherein the changed amount per 
unit time of the phase difference between antennas is obtained by subtracting the previous phase difference 
between antennas, which the base station knows, from the phase difference between antennas, which is cal- 
culated by a current mobile station. 

5 

6. A method according to claim 5, wherein the step (a) further comprises the sub-steps of: 

(a1) conjugating a value obtained by measuring the channel of a base antenna among the two antennas, and 
multiplying the conjugated value by a pilot symbol, which is received by the base antenna; 
io (a2) selecting the imaginary part of the complex number result of the multiplication; and 

(a3) determining the sign of the selected imaginary part and then, outputting a signal which indicates a positive 
value or a negative value. 

7. A method according to claim 5, wherein the step (a), which is a multipath channel, further comprises the sub-steps 
75 of: 

(a1) conjugating all values obtained by measuring from a first multipath channel to an L-th multipath channel 
(here, L is an integer greater than 1 ) of the base antenna among the two antennas, respectively, and multiply- 
ing each conjugated value by a corresponding multipath pilot symbol among a first multipath pilot symbol to an 
20 L-th multipath pilot symbol from the base station; 

(a2) adding the results of the multiplication, and selecting the imaginary part of the complex number result of 
the multiplication; and 

(a3) determining the sign of the selected imaginary part and then, outputting a signal which indicates a positive 
value or a negative value. 

25 

8. A method according to any of claims 5 to 7, wherein the step (d) further comprises the sub-steps of: 

(d1) obtaining the optimum step size, by measuring a doppler frequency in a signal received by the two anten- 
nas; 

30 (d2) multiplying the interpreted feedback information by the step size; 

(d3) obtaining the current phase difference between antennas by adding the result of the multiplication to the 
. previous phase difference between antennas which the base station knows; and 

(d4) calculating the weighted value of the array antennas for compensating the antenna phase, from the cur- 
rent phase difference between antennas. 



35 



9. A method according to claim 8, wherein, when it is not easy to measure a doppler frequency in the step (d1 ), 



the step size is set to n/4 by default, and the step size can switch from n/A to nl2, or nl2 to jt/4 in accordance 
with speed changes. 

40 

10. A closed loop transmitting antenna diversity method when a plurality of antennas are used in a wireless telecom- 
munications system, the closed loop transmitting antenna diversity method comprising the steps of: 

(a) measuring, in a receiving station, the changed amount per unit time of the phase difference between anten- 
45 nas for a plurality of antennas used in a transmitting station; 

(b) transmitting to the transmitting station the results of measuring in step (a) as feedback information for 
adjusting transmitting antenna diversity; 

(c) receiving and interpreting in the transmitting station feedback information; 

(d) calculating the weighted value of array antennas for each antenna, using the interpreted feedback informa- 
50 tion; and, 

(e) multiplying data, which is to be transmitted from the transmitting station to the receiving station, by the array 
antenna weighted value, and outputting the result through a corresponding antenna, 

wherein the changed amount per unit time of the phase difference between antennas is obtained by subtract- 
ing the previous phase difference between antennas which the transmitting station knows from the phase dif- 
55 ference between antennas which is calculated by a current receiving station. 

11. A base station apparatus for implementing closed loop transmitting antenna diversity, when two antennas are used 
in a mobile telecommunications system, the base station comprising: 



9 
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first and second antennas (400,41 0) one or both of which receives feedback information generated from any 
tn mobile station - 3 



20 



35 



a feedback information decoder (420) for interpreting the received feedback information and detecting the 
changed amount per unit time of the phase difference between antennas- 

a weighted value calculating unit (430,440,450,460,470) for calculating the weighted value of the second 
antenna, using the changed amount per unit time; and 

antTnTS ""T^ ^ tranSmittin 9 a data si 9 nal and a P»°t ^na! to the mobile station through the first 
antenna (400) and transmitting the result of multiplication through the second antenna (410), after multiplying 
the data signal by the array antenna weighted value, '" Ply ,ng 

^H-' 6 '^^ ? an9 ! d am ° Um Unit time ° f tHe Phase difference between antennas « a value obtained by 

fcpdhLl f a T nt Unit time ° f the ph3Se diff6renCe betWeen antennas ' w h^h is measured as 

feedback information in the mobile station, to a feedback error due to uplink channel noise. 

12. An apparatus according to claim 1 1 , wherein the weighted value calculating unit further comprises: 

I £™h T SUrin9 T ( f 30) f ° r measurin 9 a d °PP' er fr ^ uenc y a ^gnal received by the first antenna and 
a second antenna, and calculating the optimum step size in proportion to the result of measuring- 

nJriT TH^ If? f °I multi P'y in 9 the chan 9 ed am °^nt per unit time of the phase difference between anten- 
nas detected in the feedback decoder by the step size; 

time 6 ;' 37 ^ f ° rSt ° rin9 th6 PhaSS difference be ^en antennas, which is delayed for a predetermined 

an adder (450) for outputting the phase difference between antennas by adding the output of the first multiplier 
and the output of the delay unit; and multiplier 
a phase adjusting unit (470) for outputting a phase compensating value, which corresponds to the phase dif- 
ference between antennas, as the weighted value of the second antenna. 

13 ' ^ZZ^T rd 7 l ° C 'f im 12 ' Wh6rein d ° PPler meaSUrin9 Un,t (43 °) Amines the step size to be n/4 

1T^2 T^T Z " T 33 ^ 3 d0PP ' er freqU6nCy ' and inClUdeS 3 SWitch for switchin 9 the step size from 
n/4 to jt/2, or n/2 to jc/4 in accordance with speed changes. 

14. A mobile station apparatus for implementing closed loop transmitting antenna diversity when two antennas are 
used in a base station, the mobile station apparatus comprising: antennas are 

, f n n rnMn h ( fn 1 , '^J- 'T^ L ^ COnjugatin 9 each ° f L multi P^ channels, from a first multipath channel 
fvZ? f L - ,h f mU ' t,pa h Channel ' of a base antenna two antennas, and receiving each multipath pilot 

symbol, from a first multipath pilot symbol to an L-th multipath pilot symbol, from the base antenna- 

IT !K er f 11' ^ "-I/' 0 ™ 1 thr0U9h L f ° r multi P'y in 3 the conjugated value by each corresponding pi'lot symbol- 
an adder (520) for adding the outputs of multipliers 1 through L- 9P"°isym D oi, 
an imaginary number selecting unit (530) for selecting the imaginary part of a complex number signal which is 
the output from the adder; and, 

c a d inn er a T at i n9 (540) determinin 9 the sign of the sele ^d imaginary part, and outputting a signal indi- 
cating a positive value or a negative value as the feedback information. 



45 



50 
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FIG. 1 (PRIOR ART) 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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